Treatment with percutaneous extracorporeal mechanical assist devices provides the ultimate therapeutic option in patients suffering from refractory cardiac arrest, severe cardiogenic shock or during high-risk interventions. Since intra-aortic balloon pump counterpulsation (IABP) is unable to independently support systemic circulation, additional options are necessary, e.g. percutaneous axial flow pumps or percutaneous ventricular assist devices with centrifugal pump and extracorporeal membrane oxygenation (ECMO). Various conditions of cardiogenic shock can be treated with ECMO, including fulminant myocarditis, hypothermia and intoxication 1 . In addition, it is used to provide sufficient circulation during high-risk percutaneous interventions 2 . The use of additional counterpulsation using IABP is recommended in patients with ECMO because this combination is associated with an improvement in oxygen supply-demand balance 3, 4 and survival. However, the cannulation technique for ECMO (peripheral versus central cannulation) is relevant for the effects of additional IABP treatment. Additonal IABP during peripheral arterial cannulation may impede extracorporeal flow and may therefore reduce perfusion in the upper body. With aortic cannulation, the mean aortic pressure is preserved and diastolic augmentation is maintained 4 .
We evaluated the microcirculation in a patient with severe cardiogenic shock supported by ECMO and IABP using a sidestream darkfield intravitalmicroscope. Sidestream darkfield is an imaging technique that can non-invasively analyse the human microvasculature using a handheld device. It was developed for the assessment of human microcirculation without using fluorescent dyes in clinical practice. Briefly, diodes emit green light with a wavelength of 540±50 nm, which is depolarised by haemoglobin and therefore illuminates the sublingual tissue microcirculation in real time in a small camera 5 SUMMARy Treatment with percutaneous extracorporeal mechanical assist devices provides the ultimate therapeutic option to improve the macrocirculation in patients suffering from refractory cardiac arrest, severe cardiogenic shock or during high-risk interventions. However, the flow in the smallest vessels in these critical periods is poorly understood but prognostically of high importance. Using sidestream darkfield intravitalmicroscopy, we visualised the sublingual microflow in a patient suffering from severe cardiogenic shock supported by extracorporeal membrane oxygenation and intra-aortic balloon pump. Our results show that intra-aortic balloon counterpulsation applied in addition to extracorporeal membrane oxygenation further improves the microflow. This in vivo finding supports pilot studies favouring the application of devices supporting cardiac output (extracorporeal membrane oxygenation) together with devices aimed at pulsatility (intra-aortic balloon pump). an ordinal scale (0=no flow, 1=intermittent flow, 2=sluggish flow, 3=normal flow) for vessels with a diameter between 10 to 25 µm and 26 to 50 µm. MFI is the average score of all quadrants for a given category of vessel size 6 .
CASE hISToRy
We report the case of a 38-year-old female patient with severe cardiogenic shock. The patient was referred to our university institution from a primary hospital where she had been admitted with severe back pain. The initial electrocardiogram showed ST elevation, while the echocardiogram demonstrated corresponding contractile impairment in the anterior left ventricular wall. An IABP was implanted due to early cardiogenic shock and the patient was urgently transferred to our institution for primary coronary intervention. After arrival in the emergency department, refractory ventricular fibrillation made continuous resuscitation necessary and the patient was therefore placed on extracorporeal circulatory support (Medtronic, Minneapolis, USA) to achieve stability for percutaneous coronary intervention procedures. Coronary angiography revealed thrombotic occlusions in all three vessels which were possible to recanalise. During this time microvessels of the sublingual mucosa were visualised (Figure 1 ) and the MFI assessed. MFI showed highest levels during support with both assist devices when compared to the use of ECMo alone (Figure 2) . however, despite further circulatory support the patient died three days later due to global myocardial failure with secondary multiorgan failure.
dISCUSSIon
To our knowledge, this is the first investigation of the microflow in a patient treated with both ECMO and IABP. The combination of ECMO and IABP support improved the microcirculation more than ECMO alone in this patient with severe cardiogenic shock . It has been previously described that orthogonal polarisation spectral or sidestream darkfield technology can be used to monitor acute changes of macro-and microcirculation during the use of assist devices 7 .
The microflow in this patient improved from the synergistic effect of both ECMO and IABP. ECMO provides the major part of cardiac output, while the IABP supports the pulsatility. This supports previous observations that adding IABP to nonpulsatile flow improves splanchnic and respiratory response to circulatory assist 8 . Cardiopulmonary bypass pulsatile flow with additional IABP results in better haematologic function (red blood count, thrombocytes) and a lower consumption of coagulation and fibrinolytic factors 9 .
Some data suggest that microcirculatory alterations may play a crucial prognostic role in cardiogenic shock 10 . The development of organ failure correlates with profound disturbances in A) vessels with a diameter of 10 to 25 µm, B) 26 to 50 µm. Using this method, patients without cardiogenic shock have an average MFI of around 2.8 in both vessel categories, while patients with cardiogenic shock but without mechanical support have values of around 1.8 for either vessel category 11 . microvascular blood flow 10 . These observations not only confirmed previous human and experimental studies which report that microvascular blood flow is impaired in cardiogenic shock, but also located these alterations to the smallest vessels where the exchange of oxygen, nutrients and waste occurs 10, 11 .
Further studies are required to evaluate the influence of different assist devices on the microflow in severe cardiogenic shock.
